The accuracy of five bedside hearing tests was evaluated in 107 consecutive adults, using pure-tone audiometry as the standard reference. Bedside tests had poor sensitivity (Յ0.60), relatively good specificity (Ն0.74), and variable positive predictive value (0.24 to 1.0) for detecting hearing loss. Sensitivity improved when bedside tests were combined with case history. The diagnostic utility of bedside tests routinely administered by neurologists to detect hearing loss in adults requires further study.
Abstract-The accuracy of five bedside hearing tests was evaluated in 107 consecutive adults, using pure-tone audiometry as the standard reference. Bedside tests had poor sensitivity (Յ0.60), relatively good specificity (Ն0.74), and variable positive predictive value (0.24 to 1.0) for detecting hearing loss. Sensitivity improved when bedside tests were combined with case history. The diagnostic utility of bedside tests routinely administered by neurologists to detect hearing loss in adults requires further study. NEUROLOGY 2007; 68:1311 -1314 Hearing loss affects 23% to 40% of individuals aged older than 65 years, 1,2 impacting adversely on physical, cognitive, and social functioning. 3, 4 To screen for hearing loss, neurologists traditionally use bedside tests such as finger rub, whispered speech, watch tick, tuning forks, and self-report. 5 Evidence-based reviews have questioned the reliability of screening measures, citing lack of test standardization and validation. 6, 7 For this study, we sought to determine the sensitivity, specificity, and positive predictive value of bedside hearing tests and a self-assessment questionnaire, using pure-tone audiometry as the standard reference.
Methods. We studied 107 consecutive adults, aged 50 to 88 (mean 66) years, over 2 months. Fifty-four were patients attending a movement disorders clinic, and 53 were spouses or family members (table 1) . We excluded subjects with known hearing loss, stroke, or clinically diagnosed dementia. All participants provided written informed consent.
Tests included finger rub, whispered speech, watch tick, and the Rinne and Weber tuning fork tests. The same neurologist (S.G.R.) performed the testing, with subjects seated in an examination room (mean ambient noise 58 dB SPL). Each ear was tested while subjects occluded the nontest ear. Finger rub and watch tick were administered six times each, 6 in from the ear. Results were abnormal if subjects did not respond to more than one sound presentation. For whispered speech, two sets of three words were whispered 2 ft from each ear (soup, pen, apple; soap, pot, orange). 7 More than one error (incorrect, no response) was considered abnormal.
The Weber and Rinne tests used tuning forks of 128, 256, and 512 Hz. 5 For the Weber test, the vibrating tuning fork was placed midline on the forehead. Normal listeners detect no interaural loudness differences. Lateralizing responses indicate unilateral hearing loss. For the Rinne test, the tuning fork was alternately placed on the mastoid and at the ear. Normal listeners and individuals with sensorineural hearing loss hear the sound louder at the ear (positive Rinne test result) because air conduction is more effective than bone conduction. A negative Rinne test result occurs when sound is heard louder at the mastoid, consistent with conductive hearing loss.
Subjects completed an eight-item, self-assessment questionnaire about their hearing (table 2). Questions were developed as a potential screening tool and not to elicit perceived social or emotional handicap secondary to hearing loss, as in other questionnaires including the Hearing Handicap Inventory for the Elderly. 8 An audiologist (C.E.), blinded to the bedside test results, performed pure-tone audiometry the same day. Hearing thresholds were established for each ear at four octave frequencies (500 to 4,000 Hz) under headphones using a two-channel audiometer. Hearing loss was defined as thresholds Ͼ 25 dB at one or more frequency in either ear and classified as mild (26 to 40 dB), moderate (41 to 55 dB), or severe (Ͼ55 dB). 9 Three-frequency puretone averages (500 to 2,000 Hz) were computed. Otoscopy and tympanometry were performed to identify external or middle ear abnormalities.
Statistical analyses. Rate of hearing loss was compared by sex and patient status using 2 tests. Test sensitivity and specificity were estimated using logistic regression fitted with generalized estimating equations assuming an exchangeable correlation structure to account for possible within-subject correlations between ear measurements. 10 Sensitivity was not calculated for the Rinne test because audiometry did not differentiate conductive vs sensorineural hearing loss. Positive predictive values were determined from test sensitivity and specificity and published estimates of the minimum prevalence of hearing loss in the ages tested: 45 to 64 years (13.7%), 65 to 74 years (22.9%), and Ͼ74 years (31.9%). 1 Positive predictive values were not calculated for the Weber test because unilateral hearing loss rates in these ages are unknown.
Results. Pure-tone audiometry identified 52 of 107 subjects (48%) with either unilateral (10) or bilateral (42) hearing loss. Of these, 37 (71%) had only high-frequency hearing loss (Ͼ1,000 Hz) and 34 (65%) had moderate or greater hearing loss. More men (67%) than women (31%) had hearing loss (p ϭ 0.0002), likely reflecting the older ages of our male subjects. Rate of hearing loss did not differ for patients vs nonpatients (p ϭ 0.29). Twenty-six subjects (24%) had pure-tone averages Ͼ 25 dB in their better ear. Of the 214 ears tested, 135 (63%) had hearing loss at 4,000 Hz. Otoscopy was normal in 87 subjects (81%); tympanometry was normal (0 Ϯ 1,000 daPa) in 89 subjects (83%).
Test sensitivity for detecting hearing loss ranged from 0.05 to 0.60 (table 3) . Watch tick had the highest sensitivity: 0.44 for hearing loss Ͼ 25 dB and 0.60 for hearing loss Ͼ 40 dB. The Weber test for unilateral hearing loss had the lowest sensitivity (0.05 to 0.30). Combining tests improved sensitivity slightly (0.64). In contrast, bedside tests showed good specificity (0.74 to 1.0) with positive predictive values varying from 0.24 to 1.0.
Subjects' assessment of their hearing abilities by questionnaire had poor sensitivity (0.01 to 0.51) for detecting hearing loss (table 2) . Combining questions about hearing in background noise (Question 7, 0.51) and the perceptions of others (Question 3, 0.30) with non-tuning fork tests yielded the highest sensitivity: 0.80 for hearing loss Ͼ 25 dB and 0.87 for hearing loss Ͼ 40 dB. However, this combination had lower specificity (0.53) than individual tests (0.74 to 1.0). Reported difficulty hearing women's or children's voices (Questions 4 and 6) and perceived benefits of hearing aids (Question 8) had good specificity and positive predictive value (1.0).
Discussion.
Our results demonstrate that bedside hearing tests have poor sensitivity for detecting hearing loss in older adults, yielding a high rate of false negatives. Test sensitivity was greatest (0.64) when bedside tests were combined, although still below acceptable levels (i.e., Ն0.80). Conversely, bedside tests have good specificity, suggesting that false positives are not a limitation. Using audiometric pure-tone averages for comparison, the prevalence of hearing loss in our subjects is consistent with epidemiologic studies. 1, 2 The most common hearing loss identified was moderate or greater bilateral, and high frequency. Individuals with this pattern of hearing loss typically have communication difficulties, especially in noisy environments, 3, 4 and are candidates for hearing aids. 4, 5, 9 Given the high prevalence of hearing loss in older adults, referral for audiologic testing is recommended if hearing loss is suspected, even if bedside tests are normal.
A limitation of this study is the inclusion of only one examiner. Although this allowed us to control for interexaminer variability, 6,7 our results cannot be generalized across examiners. Other neurologists performing the same bedside hearing tests might obtain different levels of test accuracy due to variations in the quality and loudness of their voices, finger rubs, or watch ticks. Nonetheless, these results are relevant to neurologists who learn to administer bedside hearing tests during clinical training, using recommended procedures from standard textbooks, and who administer these tests as part of a neurologic examination.
Observed intertest differences likely reflect acoustic properties of the sounds used. Watch ticks are brief, low-intensity, clicklike sounds covering a wide frequency range, increasing sensitivity to hearing loss. Conversely, whispered speech has attenuated low-frequency components, due to absence of vocal cord vibration (voicing), better suited for detecting low-frequency hearing loss.
The poor diagnostic accuracy of tuning fork tests is consistent with previous reports. 6, 7 The Rinne and Weber tests are often used incorrectly to screen for any type of hearing loss, whereas they were designed to identify low-frequency (Յ512 Hz) unilateral (Weber) or conductive (Rinne) hearing loss. These tests would likely have missed subjects with highfrequency, bilateral, and presumably sensorineural hearing loss, based on normal tympanometry and otoscopy.
Case history and self-assessment are poor screening tools. 2, 7 Sensitivity increased by combining questions about difficulty hearing in noise and concerns raised by others, together with nontuning fork tests. In contrast to recommendations that older adults be screened for hearing loss by first asking whether they have difficulty hearing and then administering one bedside test (whispered speech), 7 our results suggest that hearing loss is more likely to be identified if multiple bedside tests are combined with questions about difficulty hearing in noise and the perceptions of others. Additional studies are needed to compare newer screening tools, including the audioscope (pure-tone screener) and otoacoustic emissions (cochlear function test), and to develop more sensitive bedside hearing tests.
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